It is generally true that the incarcerated population is one of the most vulnerable groups in almost every country. Although plenty of evidence on the health and deaths of the incarcerated population have been studied in different countries, there is still little availability of related information in China. Focusing on the Hunan province in the south central part of China, this paper aims to evaluate the characteristics of forensic pathology and epidemiology of the controversial deaths in the incarcerated population in China. During the evaluation process we have reviewed 61 cases which were autopsied by the Hunan Xiangya Judicial Identification Center from 2006 to 2013. The data are collected and analyzed from the point of view of demographics variables (age, gender, ethnicity and education level) and incarceration-related variables (number of incarcerations, place of imprisonment, cause of controversy and cause of death). The majority of the 61 cases are male (91.8%), and the leading age (63.8%)is within 31 to 50 years old. All the deceased are ethnic Han and most of them (75.5%) failed to complete the compulsory 9-year education in China. Jail (40.9%) and prison (32.8%) are the leading places where the deaths occur. The number of deaths during the study period exhibits fluctuations from year to year, with a slight decreasing trend. Violence-related death suspected by families and prosecutors constitutes 62.3% and has become the primary causes for disputes. Overall, 80.3% of deaths are due to illnesses, out of which 39.4% died of acute death, 26.2% of chronic diseases and 14.7% of infectious diseases; a cause of death not related to illness accounts for 19.7% of the total. The most frequent cause of death is sudden cardiac arrest (37.8%) in acute death; the cardiovascular disease (9.9%) is the most common cause of death in chronic diseases and suicide cases account for 14.9%, being the leading cause of non-illness related cases. Among the 61 controversial deaths reviewed in this paper, the causes of death are correlated with a diversity of factors. Therefore, it is necessary to take various preventive measures in order to decrease the number of deaths, depending on the different causes.
A
According to the statistics, more than 10 million people are imprisoned worldwide, with 2.3 million in the USA, 1.6 million in prison and another 0.9 million in administrative detention in China [1] . While plenty of evidence on the health and death of the incarcerated population have been analysed in many countries, especially in high-income nations, there is little information available in China, particularly regarding the controversial deaths within the incarcerated population.
The incarcerated population is among the most vulnerable groups and the obvious inequalities in prisoners' health condition have presented both a challenge and an opportunity for the national health systems. Although prisoners' death by violence could arouse great public concern in China, autopsies are only confined to the controversial cases, for police investigations or at the request of skeptical families. Generally, in China, such controversial deaths in the imprisoned population are investigated by prosecutors. We have carried out autopsies to rule out or confirm extrinsic causes of death. This paper aims to better understand patterns of controversial deaths among prisoners and to explore a policy that could result in planning jail or custody health service.
MAterIAls And MetHods
We have reviewed 61 cases which were autopsied by the Hunan Xiangya Judicial Identification center from 2006 to 2013. All the 61 individuals had been incarcerated before his or her death and all the autopsies had been entrusted by the People's Local Court. The actual causes of death have been formally clarified in judicial reports which were determined by autopsy results. There are complete text data records along with macroscopic and microscopic examination results for each case.
All the 61 cases are collected and analyzed from the point of view of demographics variables (age, gender, ethnicity and education level) and incarceration related variables (number of incarcerations, place of imprisonment, cause of controversy, cause of death).
results
During the 8-year period, between 2006 and 2013, the yearly deaths which occurred in the 61 cases have been summarized in Table 1 . The number of deaths shows yearly fluctuations, with a slight decreasing trend.
In the 61 death cases, the vast majority are male -91.8% of the total. The other 5 females account for 8.2% of the total, with the oldest being 73 years old and the youngest 18 years old. The age distribution is shown in Table 2 . The inmates' age is categorized into 10-year age intervals. It illustrates the major age group of the deceased as being within 31 to 50 years old, 39 deaths accounting for 63.8% of the total. All of the deceased are ethnic Han.
Notably, 46 cases (75.5%) failed to complete the 9 years of compulsory education in China and 13 people (21.3%) failed to attend senior high school. Only 2 cases have graduated from senior high school. All this information show the majority of those cases were poorly educated.
Unlike the Police station, which serves as a place to dispatch police officers and to hold arrested suspects, the detention house is an official place where detainees are incarcerated temporarily (usually under 15 days). Jails hold inmates who are sentenced usually less than one year before or after the verdict; prisons confine inmates who have been convicted of a felony offence and sentenced to one year or more. With all the data we have reviewed, 20 cases (32.8%) occur in prison, whereas 25 cases (40.9%) occur in jail, 11 in police stations (18.2%) and 5 cases (8.1%) in detention houses. Jail and prison are the leading places where death occurs ( Table 2) .
Among the 61 analyzed cases, violencerelated death suspected by families and prosecutors constitutes 62.3% and has become the primary cause for controversies; among those cases, the first three subreasons for controversy are history of violence in the cell (26.2%), sudden death after being detained by the police or in a prison (<24H) (16.5%) and prosecutors' need to rule out violent death (9.8%). Apart from these, the other factors are unsatisfactory professional medical assistance (11.5%), food poisoning suspicions (8.2%), sudden death at work (3.3%) long-term drug use which requires a Procuratorate investigation(4.9%)( Table 3) .
Causes of death have been categorized into two groups in this paper: illness-related death and non-illness related death. Illness-related death is subcategorized into three groups: death related to chronic diseases, acute death which is defined as death occurring in less than 24 hours from the onset of the symptoms, and infectious. Overall, 80.3% of these deaths are due to illnesses, including 39.4% related to acute death, 26.2% associated with chronic diseases and 14.7% accounting for infectious death; non-illness related causes of death constitute 19.7% of the total. Table 4 details the causes of death of the 61 cases; the most frequent cause of death is sudden cardiac arrest (37.8% of all) in acute death; the most common underlying cause of death is coronary atherosclerotic heart disease (CHD), which accounts for 65.2% of those 23 sudden cardiac death-related cases, followed by viral myocarditis (VMC) and drug overdose with two cases respectively. Furthermore, there is one death in each group from aortic dissection (AD), congenital heart disease, hypertrophic cardiomyopathy and multiple related etiologies. In addition, the second cause of acute death is cerebellar tonsillar hernia formation on the basis of encephalemia, which ultimately leads to respiratory failure. The cardiovascular disease (9.9%) is the most common cause of death in chronic diseases, followed by MODS (8.3%), malignant neoplasm (4.9%), cerebrovascular disease (1.6%), liver disease (1.6%). There are 9 deaths related to infectious diseases including pneumonia (9.8%) as the major one, followed by tuberculosis, peritonitis and nephritis. There are 12 non-illness related deaths, including 9 suicide cases, 14.9% of all. The other three are attributed to electricity, drug overdose and violence. The majority of inmates committed suicide by hanging (77.8%); the other two cases are by falling and self-inflicting wounds.
Cause of death varies with gender. Among male deaths, the leading cause of death are heart diseases (50%), including sudden cardiac death (39.2%), and cardiovascular diseases (10.7%). Among female deaths, however, suicide is the most frequent cause of death, accounting for 40% of the total.
dIsCussIon
Criminal offenders being arrested for a variety of felonies are kept in custodies, prisons or other correctional facilities. The facilities are extraordinarily unusual environments [2] . With the improvement of the legislation in China and the increased awareness to maintain their citizen rights, the health and death of the imprisoned population have drawn attention to a sensitive countrywide problem. In China, autopsies are generally performed only in controversial cases. Forensic pathology autopsy becomes a golden standard to solve the problem and earnestly safeguard the legitimate rights of criminal suspects and judicial justice.
General characteristics of death in incarcerated population
As it is shown in the results of the 61 custody death cases, the vast majority of the deceased within the prisoners are male; the oldest man was 73 years old and the youngest was 18. The most common age group of death is within 31 to 50 years old. All of these incarcerated people are ethnic Han. The fact that the majority of these cases failed to complete the compulsory 9-year education shows the poor education background of this population. Jail and prison are the prevailing places where death occurs. The number of deaths during the study period exhibit yearly fluctuations, with a slight decreasing trend. Although the fluctuation seems important, it may be more likely due to the small number of deaths.
Cause of dispute cases in incarcerated population
According to the results, death of suspected violence as the primary causes of controversy constitutes 62.3%, and the first three reasons are history of violence in the cell (26.2%), sudden death after being restrained by the police or in prison (<24H)(16.5%), prosecutors' need to rule out the violent death (9.8%). Apart from these, unsatisfactory professional medical assistance (11.5%) and food poisoning suspicions (8.2%) have an important role. Above all, the fundamental reason of controversy can be categorized into three groups, including the prison administration factors, the bereaved family factors and the Procuratorate factor. The prison administration factors include some violent means were inevitable in the process of arrest and trial; the violence between criminals is still common despite being repeatedly prohibited; the poor medical assistance in prison can result in misdiagnosis and worsen the illness. However, there is only one violence-related death in the 61 cases; the disproportionately low number of violence-related death is perhaps due to the improvement of the legislation and supervision system. The bereaved family factors consist of the fact that the potential disease of the deceased had been unknown to the family before imprisonment, or there was a lack of communication with the deceased after imprisonment, and so the family distrusts the results presented by the prison and so they need to ask a third party to look for results that will convince them. The Procuratorate factor was that non-illness death cases must be under detailed investigation, such as food poisoning suspicions and death caused by drug overdose, according to the procedure.
Causes of death in incarcerated population
The causes of death in prison have been explored in many previous studies in many other countries [1, [2] [3] [4] [5] [6] [7] [8] [9] especially the heart diseases, infectious or inflammatory illnesses and suicide. In our investigation, sudden cardiac death is the most frequent cause of death, and the suicide contributes as an important reason for death in the 61 cases. Compared with previous study findings [3] , the number of deaths related to infectious and chronic disease is decreasing; the explanation has been suspected to be related to environment improvement or prisons offering a protected environment to prevent infectious diseases like HIV/AIDS, as well as to the improvement of medical service and drug supply, which illustrates the country's increasing concern for the health of the prisoners.
The main feature of the sudden death lies in natural or non-violent cause, and sudden cardiac death is the major cause for adult sudden death in China [10] . In all the 61 cases sudden cardiac deaths were the most frequent cause of death, accounting for 37.8 % of the total. The most common underlying cause of death is CHD, accounting for 65.2% of those 23 sudden cardiac death related cases, followed by VMC and drug overdoses. Three common traits have been found in the sudden cardiac deaths: 1) all deaths occurred in less than 24 hours from the onset of the symptoms, 2) there was no sign of a pre-existing disease or of any coexisting injuries or hesitation injuries, 3) such individuals were occasionally found dead after being detained. The explanation of the overwhelmingly high percentage of those cases could be the unhealthy life style and bad habits of the deceased in prison, such as excessive alcohol, tobacco and other substance of abuse, which increase the probability of potential cardiovascular disease. Additionally, some potential symptoms which could have reflected the disease failed to get the necessary attention, as a consequence of negligence or of lacking the relevant knowledge or awareness. Another speculation could be a difficult process of capture; a rigorous interrogation process and a particular ambience may have been prone to engender the inevitable injuries and negative emotions which would be the predisposing factor of sudden cardiac death. Those findings must draw the attention of the emergency department and custody supervisors. The relevant emergency equipment such as defibrillators and ventilators should be configured in custodies, prisons and other correctional facilities. As for the correctional staff, training on first-aid treatment is required for cases of sudden cardiac arrest. Moreover, interrogation methods should be improved to avoid abuse of force in cells, which may help to prevent a sudden death.
The suicide of inmates is deemed as a distressful events in Western countries and international studies have repeatedly demonstrated higher suicide rates among prisoners than in the general population. Many prison studies focus on examining risk factors related to suicide [11] [12] [13] [14] [15] [16] [17] [18] . Risk factors identified from previous studies include mental illness, history of suicidal ideation or attempt, substance use, lack of social support/resources, upcoming court date, or the first weeks of imprisonment, among prisoners during their first detention or among pretrial detainees. The basic situations and major risk factors vary depending on the country [11] , and are possibly associated with the environment of the cells, beliefs and social values. In our study, 9 cases of custody suicide account for 14.9% of the total and 75% of the non-illness related death; the majority of inmates have committed suicide by hanging (77.8%). The other two cases by falling and self-inflicted wounds, which demonstrated that custody suicide still occupies an important position as the cause of death compared with the previous study [3] . The explanation of high rate of custody suicide may be due to prisoners having a more substantial burden of drug abuse and psychiatric disorders compared with general populations [4, 8, 13] . Since custody violence is still frequent in China, a particular ambience has been prone to engender manifold negative emotions, such as anxiety, tenseness, anger, depression and sorrow. Supervision deficiency as well would become an independent risk factor of suicide behavior. According to our case review, there are 5 cases of female deaths during our study period. Compared with 12.5% of male suicide deaths, the fact that 40% of female have committed suicide makes women seem to be more vulnerable to this disorder. Constituting a very small proportion of the total incarcerated population, female inmates generally come from deprived backgrounds and they experience problems related to alcohol and drug addictions, infectious diseases, reproductive diseases, histories of physical and sexual abuse. Therefore, they are more likely to suffer mental/psychological illnesses and substance-dependence disorders [19, 20] , since previous mental illness and substance use have been identified as risks factor for suicide. Consequently, in order to prevent the case of suicide, the real-time monitoring of the anxious prisoners' state of mind will be required; since the inmate was observed or identified as being at risk, he should be supervised rigorously by monitor screening against further developments. Mental adjustment should be worked out and completed by policy makers and mentalhealth professionals should be available for inmates, especially for women. Moreover, daily communication and even moderate psychotherapy ought to be provided by a qualified psychiatrist in correctional facilities in case of unexpected accidents [16, 17] . As Tartaro and Lester discussed, the suicide rate in correctional settings is closely associated with social integration, which suggests that the custody suicide may be a reflection of what is happening in the free world [18] ; suicide among inmates needs to be examined within the larger societal context.
The death of the imprisoned population is a sensitive topic in China, which results in the methodological limitation in jail mortality rate, including difficulty in collecting genuine data sources and detailed background information. On the other hand, autopsies are basically performed only upon the demand of the bereaved and prosecutors. It is advisable to develop computerized databases and to link multiple data sources in order to effectively explore the cause of death in the incarcerated population with complex health issues. And to advance the medical service of this population, future studies are suggested to investigate and analyze the morbidity of general population and in-prison population, the prison environment, and prison health care based on the prisoners' patterns of mortality.
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